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SUMMARY 
I. The utilization of nitrogen, calcium, and phosphorus wa? 
studied with two lots of growing chicks by means of growth and 
body-analysis experiments. One lot had calcium added to the ration 
in the form of sulfate and the second received calcium carbonate, the 
additions being made on an equivalent calcium basis so that the ex-
perimental variable was the source of the calcium. 
2. The percentage rate of gain and the gain per gram of nitrogen 
fed were identical in the two lots. 
3. No significant differences were found in the utilization ot 
nitrogen, calcium, or phosphorus by the birds of the two lots. 
The Utilization of Food Elements 
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III. A Comparison of Calcium Carbonate and Calcium 
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The general field of calcium and phosphorus metabolism has been re-
viewed recently by Schmidt and Greenberg ( 1 ), the problem as it relates 
to the calcium requirements of man by Leitch (2), and the mineral nutri-
tion of farm animals by Mitchell and McClure (3). A recent review of the 
calcium phase of poultry feeding is that of Tully and Franke (4). Bethke, 
Kennard and Kick (5) compared the availability of calcium from various 
sources and concluded that no differences existed when the various salts 
were fed to growing chicks at the same calcium intake but on a minimum 
requirement basis. 
In unpublished work at this Station it was found that the growth of 
young turkeys was slightly but uniformly better when calcium was added as 
the sulfate than when fed as the carbonate. In view of the fact that in 
some localities gypsum is available at a lower cost than limestone or oyster 
shells it seemed desirable to test the substitution of calcium sulfate for 
calcium carbonate in the ration fed to growing chicks. If the sulfate will 
produce as good results in chick feeding as the carbonate, then it may be 
substituted for the latter with some saving to the poultryman. 
The purpose of this study was to observe the effect on the utilization of 
nitrogen, calcium and phosphorus of supplying the calcium added to the 
ration as the carbonate to one lot and as the sulfate to another lot of 
growing chicks. The method of feeding was the same as that used in pre-
vious work ( 6). Conclusions were drawn from food intake, body growth 
and carcass analysis at slaughter for nitrogen, calcium and phosphorus. 
PREPARATION OF THE RATIONS 
The ration used was almost identical with the animal concentrate ration 
used in earlier work ( 6). In this instance the difference between the rations 
fed the two lots of chicks was in the source of the calcium added to the 
ration, the base and the concentrate portions being the same. Ninety-six 
and five tenths parts of the ration were mixed with 3.5 parts of calcium 
sulfate to form the CaS04 ration, and with a ?ixture of 2 parts of cal-
cium carbonate plus 1.5 parts of corn starch to form the CaC03 ration. 
The rations were mixed as follows: 
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Ingredients 
Yellow corn meal 
Shorts 
Bran 
Pul veri zed oats. 
Alfalfa mea l . 
Mea t scraps. 
Fish meal . 
Dried buttermilk . 
Sodium chloride 
Corn starch 
Calcium sul fa te. 
Calcium carbona te . 
Ra lion W???? 
P.ct 
CaS04 I 1.0 
CaC03 10.8 
CaS04 
Ration 
Lbs. 
32.81 
19.30 
9.65 
9.65 
9.65 
4. 82 
4.82 
4.82 
0.97 
0.00 
3.50 
0.00 
CaC03 
Ration 
Lbs. 
32. 81 
19.30 
9.65 
9.65 
9.65 
4.82 
4. 82 
4.82 
0.97 
1.50 
0.00 
2.00 
A sufficient quantity of the ra-
tion was prepared and one portion 
was mixed with calcium sulfate and 
another with calcium carbonate plus 
starch. Each ration was then pellet-
ed using a 5/ 32-inch die. Samples 
of each ration, taken for analysis as 
the feeding progressed, showed that 
the pelleted feeds were uniform 
throughout the trial. Cod-liver oil 
was given by burette at a level of 
approximately 0.6 p.ct. The com-
position of the rations is given ??
Table I. 
TABLE 1.-Analysis of the rations. 
Ash 
Nitro? Cal? Ph??- Cru de Crude Pr?? N-free Rat io 
gen cium phorus fat fi be r te in extract ?a?? 
P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct. P.ct . 
8.5 2.98 1.561 0.77 1 4.3 7.2 18.7 50.3 2.02 
7.4 2.98 1.532 0.771 4.3 7.1 18.7 51.7 1.98 
EXPERIMENT AL FEEDING 
Heavy breed chicks were used in this experiment. They were hatched 
from eggs weighing 58 grams as this weight of egg yields chicks weighing 
close to 37 grams which is the standard weight of chicks used in these feed-
ing experiments. Thirty-si x of the chicks, weighing 37±2 grams each, were 
divided into two lots of 18 each. Three chicks were lost from the CaS04 
lot during the first few days of forced feeding, but the deaths were attribut-
ed to accidental losses due to feeding technique. There were no losses in 
either of the groups which could be assigned to the rations fed, or the 
brooding conditions. These lots were fed from November 29 to January 
10, thus involving a feeding period of 42 days. The chicks from both 
lots, identified individually by leg bands, were fed equal amounts of their 
ration daily. The controlled intake made possible by the pelleted ration 
(ed in the manner described in the earlier papers of this series has been 
found to reduce the individual variation with respect to gains to a very 
low value, and eliminates the problem of variable intake of birds. 
Conclusions drawn from the experimental data are based on growth 
data and analysis of the entire chicks at the end of the trial. Newly hatched 
chicks contain, on the average, 0.95, 0.15, and 0.11 gram of nitrogen, cal-
cium and phosphorus respectively. These values are substracted from the 
amounts found in the chicks at slaughter which gi ves the composition of the 
gain. Knowing the analysis of the ration and the amount fed , the percentage 
retention of the elements can be readily calculated. Initial, interval, final 
and net body weights of each chick were recorded. Table 2 presents the 
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average rates of gain of the two sexes in each lot, both as to the gain pro-
duced by an increment of dry matter, and the period gain. 
T ABLE 2.-Rates of gain of chicks. 
RA??? OF GAIN ON SUCCESSIVE JNCREM ENTS ?? ?RY MAT?ER 
Age of chicks, days. .......... . 17 24 30 34 38 42' 
Dry matter increment (g.). 133 134 142 116 134 142 
CAS04 LOT 
8 males-rate of gain (p.ct.). 52 49 50 48 41 41 
7 fema les-rate of gain (p.ct. ). 51 46 46 46 40 38 
CACO? LOT 
11 males-ra?? of gain (p.ct.) . 53 50 49 46 45 41 
7 fe males-rate of gain ( p.ct.). 51 50 44 45 42 35 
R ATES OF CAIN OF CHI CKS, CALCULATE? AT ATTA INED ???GHT ON GA IN O?ER JN ITIAL 
WE IGH T 
Total dry matter fed (g.) ... . . .... 133 267 409 525 659 80 1 
CAS04 LOT 
8 males-rare of gain (p.ct.) 52 50 50 4.9 48 51' 
7 females-rate of . ga in ( p.ct.) . 51 49 47 47 46 44' 
CAC0 3 LOT 
I 1 males- rate of gain ( p.ct. ). 53 51 51 50 49 47 1 
7 fe males-rate of gain ( p.ct.) 51 51 48 47 46 44' 
1 These values differ from those in Table 5, si nce the latter are based on the net weight and these 
on the Ji ve we ight fi gures. 
The data in Table 3 show that the growth of the chicks on the two 
rations was practically identical. The standard errors of the means indi-
cate a low variation among chicks of like sex. Analysis of the data by 
means of weighted squares of means (Table 4) shows no indication of 
significant differences. The value of 'F' is 3.69 in the primary analysis of 
the net body weights, which value falls below the five per cent point of 
4.18. Application of the 't' test for significant differences likewise fails 
to show any difference. The coefficient of variation with respect to net 
weight is 4.0 per cent. 
TABLE 3.-Mean net weights 1 at slaughter and their standard errors. 
Lot Males Females Males and Females ( unwei????d mean) 
g. g. g. 
CaS04 . . . . . . . .. . . 392.00 ±5.37 373.71±5.73 382.56± 3.93 
CaC0 3 390.63 ±4.58 372.29± 5.73 381.46± 3.67 
1 The net weight is the we ight of the chick after removal of the contents of the digestive tract. 
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TABLE 4.-Primary analys?s of the net body weights. 
Source of Degrees of Sum of squares Variance Standard 
va riation freedom deviation 
Subclasses ...... . .. . . . 3 2',688.83 896.28 
Error 29 6,677.41 230.35 J5 . J7 
Total 32 9,366.24 292.70 
The experimental data have been averaged for each lot by sexes and 
presented in Table 5. Differences in the growth of males and females are 
apparent, but as was shown in Tables 3 and 4, differences were not found 
between diets. In considering the percentage composition of the chicks 
and gains it is noted that the values agree in practically all cases. This is 
likewise true of the percentage rate of gain, and the gain per gram of 
nitrogen fed . The data of Table 5 are nearly comparable with those of 
the lot fed the 'Animal Concentrate' ration in a previous study (6), and 
a comparison shows that the values are in substantial agreement. The 
retentions of nitrogen, calcium and phosphorus show no differences at-
tributable to the variation in the source of calcium. 
TABLE 5.-Summary of growth and analytical data on chicks. 
Item CaS04 Ration CaCO? Ration Male Female Male Female 
N umber of chicks . . . . . . . . . 8 7 11 7 
Net weight (g.) . . . . . . . . . . . . 392 374 391 372 
Gain in weight (g.). ....... . .. 3?? 338 3?? 33? 
Dry matter fed (g.) . 801 801 803 803 
Rate of gain (p.ct.). 44.3 42'.2 44.2 41.8 
Gain per ?ram nirrogen fed (g.). 13.2 12.6 13 .2 12.? 
Nitrogen in chicks (p.ct. ). 3.18 3.20 3.27 3.17 
Calcium In chicks (p.ct .) 1.02 1.0 I 1.01 0.97 
Phosphorus in chicks (p.ct.) 0.67 0.67 0.66 0.64 
Ratio, Ca :P in chicks l.?2 l.? J l.?? l.? J 
Nitrogen in ga in (p.ct.) 3.24 3.26 3.33 3.24 
Calcium in gain (p.ct.). 1.0? 1.0? 1.0? 1.0? 
Phosphorus in gain (p.ct.) 0.71 0.71 0.70 0.68 
Ratio, Ca:P in gain 1.52' l.? J l.?3 l.? l 
Ether extract (p.ct .). ?.6 ?.l 5.1 6.6 
Nitrogen intake (g.) 28.80 26.80 26.80 26.80 
Nitrogen in gain (g.) . 11.? 1 11.00 11.81 10.87 
Nitrogen retained (p.ct.). 42.9 41.1 44.1 40.6 
Calcium intake (g.) 14.0? 14.0? 13.79 13.79 
Calcium in gain (g.) . . . . . . . . . . . . . 3.83 3.63 3.78 3.4? 
Calcium retained (p.ct. ) . 27.3 25.9 27.4 25.0 
Phosphorus intake (g.). 6.94 6.94 6.94 6.94 
Phosphorus in ga in (g.) . 2.50 2.39 2.48 2.2? 
Phosphorus retained (p.ct.) 36.1 34.4 35.7 33.0 
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CONCLUSIONS 
1. When fed at a level of 1.5 p.ct. of the ration calcium as calcium sul-
fate and calcium carbonate were equally efficient in supplying the needs 
of the chick for calcium. 
2. The rate of growth was not affected by the source of the calcium. 
3. The retentions of nitrogen, calcium and phosphorus were not in-
fluenced by the source of the calcium. 
4. Calcium sulfate and calcium carbonate may be used interchangeably 
as a source of calcium in the ration for growing chicks. Because of the 
difference in the calcium content of the two salts it takes 1.75 pounds of cal-
cium sulfate to replace one pound of calcium carbonate in the ration. This 
fact must not be overlooked in figuring costs and mixing rations. 
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